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(57) ABSTRACT 

A surface acoustic Wave ?lter includes a plurality of one 

terrninal-pair surface acoustic Wave resonators each includ 
ing interdigital electrodes and an insulating ?lrn deposited 
on the interdigital electrodes. The one-terrninal-pair surface 
acoustic Wave resonators include a series arrn resonator and 

a parallel arrn resonator. When the electrode duty of a 
one-terrninal pair surface acoustic resonator is de?ned by the 
following equation (1): 

electrode duty=2><W/7» (1) 

Where )M denotes the Wavelength of the one-terrninal-pair 
surface acoustic Wave resonator, and W denotes the line 
Width of an interdigital electrode, the electrode duty of the 
series arrn resonator is greater than the electrode duty of the 
parallel arrn resonator. With this structure, a single deposi 
tion of the insulating ?lrn is sufficient to achieve the desired 
frequency adjustment Without the frequency bandwidth 
being narroWed. 
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SURFACE ACOUSTIC WAVE FILTER, AND 
COMMUNICATION APPARATUS USING THE 

SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a surface acoustic 
Wave (SAW) ?lter preferably for use in a communication 
apparatus. 

[0003] 2. Description of the Related Art 

[0004] In general, surface acoustic Wave (SAW) ?lters are 
used for communication apparatuses such as cellular tele 
phones. As knoWn in the art, various frequency bands are 
used depending upon the type of cellular telephone, and 
various frequency adjusting methods are used to accommo 
date SAW ?lters to corresponding frequency bands. 

[0005] For eXample, one knoWn method of adjusting fre 
quency bandWidths is to uniformly apply an insulating ?lm 
to an entire surface of a pieZoelectric substrate of a SAW 
?lter that contains interdigital electrodes, and to etch the 
insulating ?lm so as to provide a thickness according to a 
desired frequency. Aprocess of manufacturing a SAW ?lter 
according to such a method is described beloW. 

[0006] FIGS. 1A to 1D are vieWs illustrating a series of 
procedures to manufacture a knoWn SAW ?lter. 

[0007] As shoWn in FIG. 1A, ?rst, a pieZoelectric sub 
strate 11 made of LiTaO3 or LiNbO3 is prepared. After the 
substrate 11 is polished, a resist pattern 40 formed of a 
photoresist is applied on a surface of the substrate 11 using 
a Well-knoWn technique. Then, a metal ?lm 41 made of Al 
or Au having a high conductivity is deposited thereon by a 
technique such as vapor deposition to provide a predeter 
mined thickness. 

[0008] As shoWn in FIG. 1B, the resultant product is 
immersed into a solvent, and is then irradiated With ultra 
sonic Waves to simultaneously melt, or simultaneously peel 
off, and therefore remove the resist pattern 40 and the metal 
?lm 41 that overlies the resist pattern 40. 

[0009] As a result, as shoWn in FIG. 1C, an electrode 42 
having a desired pattern is formed by the remaining metal 
?lm. The electrode 42 corresponds to interdigital electrodes 
and re?ectors. 

[0010] Then, as shoWn in FIG. 1D, on the entire substrate 
11 including the electrode 42, an insulating ?lm 43 made of 
a material such as SiO2 having a different etching rate from 
the electrode 42 is deposited and adhered by sputtering or 
chemical vapor deposition (CVD) so as to provide a prede 
termined thickness. 

[0011] AWafer prober is used to apply an electrical signal 
to the electrode 42 to measure a frequency, and to determine 
a difference betWeen the measured frequency and the target. 
In order to make the difference Zero, the entire surface of the 
insulating ?lm 43 is etched by a method such as dry etching 
While monitoring the etching time to adjust frequencies. 

[0012] A case Where the foregoing typical frequency 
adjusting method is applied to a so-called ladder type SAW 
?lter is described With reference to FIGS. 2 and 3. The 
ladder type SAW ?lter includes at least one series arm 
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resonator constituting a series arm, and at least one parallel 
arm resonator constituting a parallel arm. 

[0013] In FIG. 2, an exemplary frequency characteristic of 
the ladder type SAW ?lter is indicated by (a), and an 
eXemplary impedance characteristic of the ladder type SAW 
?lter is indicated by 

[0014] As indicated by (a) and (b) in FIG. 2, if the 
resonant frequency fIS of the series arm resonator and the 
anti-resonant frequency fap of the parallel arm resonator are 
set to match each other, a band-pass ?lter having a central 
frequency fO is obtained. The bandWidth thereof depends 
upon the difference betWeen the resonant frequency frp of the 
parallel arm resonator and the anti-resonant frequency fas of 
the series arm resonator. 

[0015] FIG. 3 is a graph shoWing the shift amount of the 
resonant frequency and the anti-resonant frequency of a 
one-terminal-pair surface acoustic Wave (SAW) device 
before and after an SiO2 ?lm is deposited. This graph shoWs 
the mean data of samples Where the thickness of an Al 
electrode is 7.2% of the average Wavelength of the resonant 
frequency and the anti-resonant frequency, and Where an 
insulating ?lm made of SiO2 is deposited so as to provide a 
?lm thickness of 1.7% of the average Wavelength of the 
resonant frequency and the anti-resonant frequency. 

[0016] If the insulating ?lm is deposited over the series 
arm resonator and the parallel arm resonator so as to provide 
a uniform thickness, the resonant frequency and the anti 
resonant frequency of each of the resonators are shifted 
doWn, as shoWn in FIG. 3. As is knoWn, in this case, the 
anti-resonant frequency is shifted doWn more than the 
resonant frequency. 

[0017] Normally, the Wavelength of series arm resonators 
is set loWer than that of parallel arm resonators, and the 
loWer the Wavelength, the greater the shift amount of the 
frequencies. If an insulating ?lm is deposited With a uniform 
thickness, the frequencies of series arm resonators are thus 
shifted doWn compared to the frequencies of parallel arm 
resonators. 

[0018] Accordingly, When an insulating ?lm is deposited, 
the bandWidth of a SAW ?lter is narroWed because it 
depends upon the difference betWeen the resonant frequency 
frp of a parallel arm resonator and the anti-resonant fre 
quency fas of a series arm resonator, and the desired char 
acteristic may not be obtained. 

[0019] In order to avoid such a problem, in the related art, 
an insulating ?lm is deposited tWo times, i.e., a ?rst time for 
a series arm resonator and a second time for a parallel arm 
resonator. The insulating ?lm is deposited With different 
thicknesses so that the shift amount of the frequencies may 
be substantially the same, before being etched. Therefore, 
the desired frequency adjustment is achieved. 

[0020] HoWever, ladder type SAW ?lters experience prob 
lems if the above-described frequency adjustment is per 
formed. 

[0021] The above-described approach requires tWo sepa 
rate depositions of an insulating ?lm. This increases the 
number of procedures and the time required, resulting in an 
increased production cost. 

SUMMARY OF THE INVENTION 

[0022] In order to overcome the problems described 
above, preferred embodiments of the present invention pro 
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vide a surface acoustic Wave ?lter Which only requires one 
deposition of an insulating ?lm in order to achieve the 
desired frequency adjustment Without degrading the fre 
quency bandWidth if it is of the ladder type. 

[0023] According to one preferred embodiment of the 
present invention, a surface acoustic Wave ?lter includes a 
pieZoelectric substrate, and a plurality of one-terminal-pair 
surface acoustic resonators disposed on the pieZoelectric 
substrate. Each of the one-terminal-pair surface acoustic 
resonators includes interdigital electrodes disposed on the 
pieZoelectric substrate, and an insulating ?lm deposited on 
and adhered to the interdigital electrodes. At least one of the 
plurality of one-terminal-pair surface acoustic resonators is 
a series arm resonator, and at least one of the remaining 
one-terminal-pair surface acoustic resonators is a parallel 
arm resonator. The series arm resonator and the parallel arm 
resonator are coupled in a ladder arrangement. 

[0024] The electrode duty of the series arm resonator is 
greater than the electrode duty of the parallel arm resonator 
When the electrode duty of a one-terminal pair surface 
acoustic resonator is de?ned by the folloWing equation (1): 

electrode duty=2><W/7» (1) 

[0025] Where 9» denotes the Wavelength of the one-termi 
nal-pair surface acoustic Wave resonator, and W denotes the 
line Width of an interdigital electrode. 

[0026] This prevents degradation of the frequency band 
Width When an insulating ?lm is deposited. Thus, an insu 
lating ?lm having a greater thickness can be deposited, and 
it functions as a protection ?lm, thereby increasing reliabil 
ity. 

[0027] The thickness of the insulating ?lm may be 
adjusted so as to provide a predetermined frequency char 
acteristic. 

[0028] Preferably, the electrode duty of at least one series 
arm resonator is about 0.5 or less. As a result, more ef?cient 
frequency adjustment can be achieved. Furthermore, the 
shift amount of the frequency bandWidth for frequency 
adjustment is less, thereby achieving the frequency adjust 
ment While satisfying the desired ?lter characteristic. 

[0029] The surface acoustic Wave ?lter has preferably 
attenuation standards in the vicinity of a high frequency 
region and a loW frequency region of the pass band. 

[0030] The surface acoustic Wave ?lter according to a 
preferred embodiment of the present invention may be 
suitably implemented as a GSM-1900 or DCS ?lter for use 
in a communication apparatus in Which a narroW or Wide 
bandWidth may cause defects. 

[0031] In another preferred embodiment of the present 
invention, a communication apparatus includes the surface 
acoustic Wave ?lter in accordance With the preferred 
embodiment of the present invention described above. 

[0032] Therefore, the communication apparatus incorpo 
rating such a surface acoustic Wave ?lter is inexpensive and 
has the desired frequency characteristic. 

[0033] Other features, elements, steps, characteristics and 
advantages of the present invention Will become apparent 
from the folloWing detailed description of preferred embodi 
ments With reference to the attached draWings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] FIGS. 1A to 1D are illustrations of a series of 
procedures to manufacture a typical SAW ?lter; 

[0035] FIG. 2 is a graph of an exemplary frequency 
characteristic (a) and an exemplary impedance characteristic 
(b) of a ladder type SAW ?lter; 

[0036] FIG. 3 is a graph shoWing the shift amount of the 
resonant frequency and the anti-resonant frequency of a 
one-terminal-pair SAW device before and after an SiO2 ?lm 
is deposited; 

[0037] FIG. 4 is a top vieW of electrodes disposed on a 
pieZoelectric substrate in a SAW ?lter according to a pre 
ferred embodiment the present invention; 

[0038] FIG. 5 is a vieW of an enlarged portion of typical 
interdigital electrodes; 

[0039] FIG. 6 is a table of the electrode duty of four 
experimental samples A to D; 

[0040] FIGS. 7A and 7B are graphs of the rate of change 
in the bandWidth, as experimental results, before and after 
deposition of an SiO2 ?lm, and before and after frequency 
adjustment, respectively; and 

[0041] FIGS. 8A and 8B are vieWs of frequency bands of 
a DCS ?lter and a GSM-1900 ?lter, respectively. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0042] A surface acoustic Wave (SAW) ?lter according to 
a preferred embodiment of the present invention is described 
With reference to FIGS. 4 to 8. In the folloWing description, 
the SAW ?lter has a frequency characteristic of the 1.9 GHZ 
(1960 MHZ) band as the central frequency, by Way of 
example. 

[0043] FIG. 4 is a top vieW of electrodes disposed on a 
pieZoelectric substrate of the SAW ?lter according to a 
preferred embodiment of the present invention. As shoWn in 
FIG. 4, a plurality of one-terminal-pair SAW resonators are 
mounted on a 36° rotated Y-cut X-propagation LiTaO3 
substrate 1 in a ladder fashion. In the illustrated preferred 
embodiment, the one-terminal-pair SAW resonators include 
tWo series arm resonators 2a and 2b de?ning series arms, 
and three parallel arm resonators 3a, 3b, and 3c each having 
one end connected to a series arm and the other end 
connected to the ground. The SAW resonators are preferably 
made of aluminum formed by photolithography and etching, 
or other suitable process. The thickness of the electrode in 
each of the SAW resonators is about 9.2% of the average 
Wavelength of the series arm resonators 2a and 2b, and the 
parallel arm resonators 3a, 3b, and 3c. The electrodes are 
preferably formed in the same Way as in the related art, and 
a detailed description thereof is omitted. 

[0044] The series arm resonators 2a and 2b each include 
a pair of interdigital electrodes 21 having interdigitated 
?ngers Which face each other and Which are spaced at a 
constant interdigital Width, and tWo re?ectors 22 Which are 
arranged at both ends of the interdigital electrodes 21. 
LikeWise, the parallel arm resonators 3a, 3b, and 3c each 
include a pair of interdigital electrodes 31 having interdigi 
tated ?ngers Which face each other and Which are spaced at 
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a constant interdigital Width, and tWo re?ectors 32 Which are 
arranged at both ends of the interdigital electrodes 31. 

[0045] The present inventor conducted experiments to 
investigate hoW the frequency bandwidth increases or 
decreases by changing the electrode duty of the series arm 
resonators 2a and 2b and the parallel arm resonators 3a, 3b, 
and 3c. More speci?cally, the electrode duty Was changed by 
adjusting the line Width of the interdigital electrodes 21 and 
31. As used herein, electrode duty is de?ned by the folloW 
ing equation (1): 

electrode duty=2><W/7» (1) 

[0046] Where 9» denotes the Wavelength of a one-terminal 
pair SAW resonator, and W denotes the line Width of an 
interdigital electrode, referring to FIG. 5. 

[0047] FIG. 6 is a table of the electrode duty in four 
samples A to D used in the experiment. In this experiment, 
as shoWn in FIG. 6, the series arm resonators 2a and 2b have 
the same structure, each having an interdigital Width of 
about 17 pm betWeen the interdigitated ?ngers of the inter 
digital electrodes 21, 100 pairs of IDTs (a total of 100 
interdigital electrode ?ngers), 100 re?ectors, and an elec 
trode pitch of about 0.99 pm (the surface acoustic Wave has 
a Wavelength of about 1.99 pm). The parallel arm resonators 
3a, 3b, and 3c have the same structure, each having an 
interdigital Width of about 50 pm, 40 pairs of IDTs, 100 
re?ectors, and an electrode pitch of about 1.04 pm (the 
surface acoustic Wave has a Wavelength of about 2.07 pm). 

[0048] After the series arm resonators 2a and 2b, and the 
parallel arm resonators 3a, 3b, and 3c Were formed, an 
insulating ?lm (not shoWn) made of SiO2 Was deposited on 
the entire substrate 1 including the series arm resonators 2a 
and 2b, and the parallel arm resonators 3a, 3b, and 3c by 
sputtering. The thickness of the deposited insulating ?lm in 
this preferred embodiment is about 1.7% of the average 
Wavelength of the series arm resonators 2a and 2b, and the 
parallel arm resonators 3a, 3b, and 3c. 

[0049] Ground electrodes 4 and hot electrodes 5 are elec 
trically connected to the resonators 2a, 2b, 3a, 3b, and 3c via 
lead electrodes 10. The ground electrodes 4 and the hot 
electrodes 5 are also used as points at Which the frequency 
characteristic of the resonators 2a, 2b, 3a, 3b, and 3c is 
measured by Wafer probing. The Wafer probing is a method 
to contact ground pins and hot pins of a Wafer prober (not 
shoWn) With the ground electrodes 4 and the hot electrodes 
5, respectively, to measure a frequency. Based on the mea 
surement result, the amount of frequency adjustment is 
determined. 

[0050] Then, the SiO2 ?lm Was etched for the etching time 
Which Was calculated from the amount of frequency adjust 
ment to decrease the ?lm thickness, thereby achieving the 
desired frequency characteristic. Either dry or Wet etching 
may be used. In the illustrated preferred embodiment, the 
?lm thickness Was reduced by about 0.6% of the average 
Wavelength of the series arm resonators 2a and 2b, and the 
parallel arm resonators 3a, 3b, and 3c. 

[0051] The experimental results With respect to the 
samples A to D are described With reference to the graphs 
shoWn in FIGS. 7A and 7B. 

[0052] FIG. 7A is a graph shoWing the rate of change in 
the frequency bandWidth before and after an insulating ?lm 
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made of SiO2 is deposited, and FIG. 7B is a graph shoWing 
the rate of change in the frequency bandWidth before and 
after the frequency adjustment by etching the resultant ?lm. 

[0053] It is obvious from FIG. 7A that the samples A and 
B exhibit a smaller decrease in the frequency bandWidth 
than the sample C When the insulating ?lm is deposited. In 
the samples A and B, the electrode duty of the parallel arm 
resonators 3a, 3b, and 3c is greater than the electrode duty 
of the series arm resonators 2a and 2b. In the sample C, as 
usual, the electrode duty of the parallel arm resonators 3a, 
3b, and 3c is substantially the same as that of the series arm 
resonators 2a and 2b. 

[0054] As shoWn in FIG. 7B, after the frequency adjust 
ment by etching, the samples A and B in Which the electrode 
duty of the parallel arm resonators 3a, 3b, and 3c is greater 
than the electrode duty of the series arm resonators 2a and 
2b exhibit a smaller increase in the frequency bandWidth 
than the sample C in Which the electrode duty of the parallel 
arm resonators 3a, 3b, and 3c is the same as that of the series 
arm resonators 2a and 2b, thereby more precisely adjusting 
the frequency characteristic. A narroW or Wide frequency 
bandWidth may sometimes cause defects, and it is advanta 
geous to prevent an increase in the frequency bandWidth. 

[0055] It is clear from the experimental results that, as the 
electrode duty of parallel arm resonators is greater than the 
electrode duty of series arm resonators, the bandWidth varies 
less, thereby more easily achieving the desired frequency 
adjustment. Importantly, if the electrode duty of parallel arm 
resonators is much greater, conversely, the frequency band 
Width Will possibly be degraded. 

[0056] As seen in FIG. 3, around the point Where the 
electrode duty exceeds approximately 0.5, the shift amount 
of the frequency bandWidth substantially levels off. Accord 
ingly, since the amount of increase or decrease in the 
frequency bandWidth depends upon the difference of the 
resonant frequency frp of the parallel arm resonators 3a, 3b, 
and 3c and the anti-resonant frequency fas of the series arm 
resonators 2a and 2b, a decrease in the frequency bandWidth 
is suppressed in particular When the electrode duty of the 
parallel arm resonators 3a, 3b, and 3c is greater than the 
electrode duty of the series arm resonators 2a and 2b, and 
When the electrode duty of the series arm resonators 2a and 
2b is equal to about 0.5 or less, thereby more readily 
achieving the desired frequency characteristic, as revealed 
by the experiments described above. The tendency for the 
shift amount of the frequency bandWidth to level off When 
the electrode duty exceeds approximately 0.5 is observed 
not only under the condition shoWn in FIG. 3 but also under 
the condition of the illustrated preferred embodiment. 

[0057] The SAW ?lter according to various preferred 
embodiments of the present invention may be used, for 
example, as a receiver RF ?lter of a communication appa 
ratus that complies With the DCS (having a central fre 
quency of 1842.5 MHZ) or DSM-1900 (having a central 
frequency of 1960 MHZ) standard. FIGS. 8A and 8B shoW 
frequency bands of a DCS ?lter and a DSM-1900 ?lter, 
respectively. In the DCS receiver RF ?lter, the attenuation 
standards (the Tx band and the guard band) are at both ends 
of the pass band and are separated therefrom by 20 MHZ and 
40 MHZ. In the GSM-1900 receiver RF ?lter, the attenuation 
standards (the Tx band and the guard band) are at both ends 
of the pass band and are each separated therefrom by 20 
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MHZ. Since the attenuation standards are in the vicinity of 
both high and loW frequency regions of the pass band of the 
receiver RF ?lters complying With both standards, a narroW 
or Wide bandWidth may causes defects. For this purpose, a 
SAW ?lter produced according to a frequency adjusting 
method of a preferred embodiment of the present invention 
With a smaller increase or decrease in the bandWidth is 
suitable. Of course, the SAW ?lter according to preferred 
embodiments of the present invention is not limited to DCS 
and GSM-1900 ?lters. In particular, a ?lter of the type in 
Which the attenuation standards are Within a frequency range 
of about 2.5% from both the high or loW frequency regions 
of the pass band With respect to the central frequency Would 
be effective. 

[0058] The materials of the substrate 1, the interdigital 
electrodes 21 and 31, and the insulating ?lm, and other data 
including the Wavelength of the resonators are not limited to 
the preferred embodiments described above. A variety of 
modi?cations and variations may be made Without departing 
from the spirit and scope of the invention. 

[0059] As described above, according to preferred 
embodiments of the present invention, the electrode duty of 
the parallel arm resonators is greater than the electrode duty 
of the series arm resonators. This prevents degradation of the 
frequency bandWidth When an insulating ?lm is deposited. 
Thus, an insulating ?lm having a greater thickness can be 
deposited, and it functions as a protective ?lm, thereby 
increasing reliability. 
[0060] The desired frequency characteristic Will also be 
achieved by depositing an insulating ?lm having a uniform 
thickness on the entire pieZoelectric substrate containing 
resonators. Therefore, a single deposition of the insulating 
?lm is sufficient, thus contributing to a simple process, 
reduced production cost, and improved yield. Furthermore, 
the shift amount of the frequency bandWidth for frequency 
adjustment is less, thereby achieving the frequency adjust 
ment by etching the ?lm While satisfying the desired ?lter 
characteristic. 

[0061] A communication apparatus including a SAW ?lter 
according to preferred embodiments of the present invention 
is inexpensive and have the desired frequency characteristic. 
In particular, the present invention may be suitably embod 
ied, for eXample, as a GSM-1900 or DCS ?lter for use in a 
communication apparatus in Which a narroW or Wide band 
Width may cause defects. 

[0062] While preferred embodiments of the invention 
have been described above, it is to be understood that 
variations and modi?cations Will be apparent to those skilled 
in the art Without departing the scope and spirit of the 
invention. The scope of the invention, therefore, is to be 
determined solely by the folloWing claims. 
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What is claimed is: 
1. A surface acoustic Wave ?lter comprising: 

a pieZoelectric substrate; and 

a plurality of one-terminal-pair surface acoustic resona 
tors disposed on said pieZoelectric substrate, each of 
the plurality of one-terminal-pair surface acoustic reso 
nators including interdigital electrodes disposed on said 
pieZoelectric substrate, and an insulating ?lm deposited 
on and adhered to the interdigital electrodes; 

Wherein at least one of said plurality of one-terminal-pair 
surface acoustic resonators is a series arm resonator, 
and at least one of the remaining one-terminal-pair 
surface acoustic resonators is a parallel arm resonator, 

the series arm resonator and the parallel arm resonator are 
coupled in a ladder arrangement, and 

the electrode duty of the series arm resonator is greater 
than the electrode duty of the parallel arm resonator, the 
electrode duty of a one-terminal pair surface acoustic 
resonator being de?ned by the folloWing equation (1): 

electrode duty=2><W/7» (1) 

Where )M denotes the Wavelength of the one-terminal-pair 
surface acoustic Wave resonator, and W denotes the line 
Width of an interdigital electrode. 

2. A surface acoustic Wave ?lter according to claim 1, 
Wherein the pieZoelectric substrate is a 36° rotated Y-cut 
X-propagation LiTaO3 substrate. 

3. A surface acoustic Wave ?lter according to claim 1, 
Wherein the thickness of the electrode in each of the SAW 
resonators is about 9.2% of the average Wavelength of the 
series arm resonators and the parallel arm resonators. 

4. A surface acoustic Wave ?lter according to claim 1, 
further comprising re?ectors arranged at both ends of the 
interdigital electrodes. 

5. A surface acoustic Wave ?lter according to claim 1, 
Wherein the insulating ?lm is SiO2. 

6. A surface acoustic Wave ?lter according to claim 1, 
Wherein the surface acoustic Wave ?lter is a receiver RF 
?lter. 

7. A surface acoustic Wave ?lter according to claim 1, 
Wherein the thickness of the insulating ?lm has a dimension 
that achieves a predetermined frequency characteristic. 

8. A surface acoustic Wave ?lter according to claim 1, 
Wherein the electrode duty of at least one series arm reso 
nator is about 0.5 or less. 

9. A communication apparatus comprising at least one 
surface acoustic Wave ?lter according to claim 1. 


